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DEVICE FOR MAKING 3-D IMAGES 

REFERENCE TO RELATED APPLICATIONS 

This application claims an invention Which Was disclosed 
in Provisional Application Ser. No. 60/206,750, ?led May 
24, 2000, entitled “DEVICE FOR MAKING 3-D IMAGES” 
and in Provisional Application No. 60/219,543, ?led Jul. 20, 
2000, entitled “DEVICE FOR MAKING 3-D IMAGES”. 
The bene?t under 35 USC §119(e) of the United States 
provisional applications are hereby claimed, and the afore 
mentioned applications are hereby incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention pertains to the ?eld of stereographic or 

“3D” photography and photogrammetry. More particularly, 
the invention pertains to a single lens instrument Which 
generates three-dimensional models of an image. 

2. Description of Related Art 
Stereographic photography is the method of producing 

images Which are apparently three-dimensional by recording 
separate left- and right-eye images. The vieWer reconstructs 
the 3-D image by vieWing the tWo separate 2-D images 
simultaneously. Stereographic photography has been knoWn 
since at least the late 19th century, When stereo vieWers Were 
a popular parlor accessory. 

Such stereo vieWs have historically been created With tWo 
lenses on a single camera, spaced apart by approximately the 
inter-ocular distance of a human head. The Stereo RealistTM 
series of 35 mm still cameras, popular in the 1950’s, are an 
example of this kind of imaging. Left and right vieWs Were 
recorded simultaneously through tWo lens/shutter sets on 
alternate frames of the 35-mm ?lm. The later NimsloTM 
system used four lenses for essentially the same approach. 

Stereo movies appeared in the 1950’s. The images Were 
typically created either using tWo synchroniZed cameras, or 
a tWo-lens system on a single camera. Similarly, the various 
Stereo TV systems have typically used tWo cameras (see 
Lipton, et al, US. Pat. No. 4,583,117) or a single camera 
With tWo lenses (Lipton, et al, US. Pat. No. 4,523,226). 

All of the multiple-camera systems have severe 
drawbacks, in the added complexity and cost of duplicating 
the complete camera system and the synchroniZation of the 
tWo separate images (this is especially a problem in ?lm 
(non-video) applications). In addition, the use of tWo sepa 
rate lenses (Whether on one camera or tWo) introduces 
problems of synchroniZing focus and vieW. 

The need for solving this latter problem is real, but not 
addressed by prior art devices. Simply mounting tWo cam 
eras side-by-side Will alloW the taking of the left- and 
right-eye images, and the cameras can be focused on What 
ever the subject is (although folloW-focus of moving objects 
is problematic). HoWever, there is more to stereoscopic 
vision than simply having tWo eyes. A simple experiment 
Will demonstrate the problem. If one holds up a ?nger at 
arms length, and brings it closer and closer to the face, it 
becomes apparent that your eyes do more than merely focus 
on the ?nger as it approaches. You also aim each eye 
independently; becoming more and more “cross-eyed” as 
the ?nger nears the face. Without this adaptation, most 3-D 
?lms tended to induce discomfort as the apparent image 
distance to the vieW changed, since the camera vieWs Would 
not shift as one’s instinct might expect. 

In addition, ?xed convergence or partially or manually 
adjustable convergence systems do not address the problem 
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2 
that the overlap of the vieWs must change as the focus and/or 
focal length of the lens changes. The overlap of the tWo 
images should be maximiZed, especially in systems Which 
digitiZe the tWo images and use the information to form a 
three dimensional picture of the surroundings. 

There have been a number of devices aimed at simplify 
ing the stereographic process by alloWing use of a single 
camera to take the tWo images. Most of these use a number 
of mirrors or prisms, either in front of the camera lens or 
betWeen a secondary lens and a pair of primary lenses. 
One method, useful only With motion pictures, is to 

sequentially record the tWo images on alternate frames of the 
?lm or video. For ?lm, a synchroniZed spinning mirror is 
used to select the vieW to be recorded in synch With the ?lm 
gate or video scan. For such a device, see Latulippe, US. 
Pat. No. 3,254,933. In video, the system electronically 
selects alternate frames from tWo sources. This method has 
several disadvantages, requiring complicated synchroniZed 
glasses for vieWing and being applicable only to movie or 
video applications. 

The other alternative is to record both images simulta 
neously on each frame, side-by-side or one above the other. 
This method is applicable to any form of photography, still 
or moving, silver image or video. VieWing is simpli?ed, 
since both images are alWays present, and the adapter to use 
a single lens does not need to be synchroniZed to the ?lm 
transport or video scan. 

Simple prism- or mirror-based stereographic adapters 
have been available for still cameras for some time. They ?t 
in front of the camera lens in the same manner as an 

accessory close-up or telephoto adapter. They have no 
means for adjusting the adapter for convergence or focus as 
the subject-lens distance changes. 

Marks, et al, US. Pat. No. 4,178,090, creates vertically 
displaced left and right images on a single frame using an 
attachment in front of a single lens. One image is straight 
through, With the second being taken through a pair of 
prisms. An adjustable block in front of the lens is solid glass 
on the top and re?ective on the bottom. Convergence is 
adjusted as the lens is focused by mechanically coupling a 
rotation control for the adjustable block and a Worm gear 
rotating the lens focus control. This adjustment is insuf? 
cient for true automatic convergence control With focus, as 
only one of the tWo vieWs changes angle as the block is 
rotated. 
BukoWski (Optimax III, Inc.) US. Pat. No. 4,436,369, 

shoWs a mirror-based adapter using tWo primary lenses With 
ganged focusing mechanisms. TWo pairs of ?xed mirrors 
direct the left and right images to the top and bottom of the 
?lm frame. The optical axes of the lenses are parallel and 
?xed, Which means that the convergence or aim point of the 
tWo lenses is not changed as the lenses are focused. 

FaZekas (Panavision, Inc.) US. Pat. No. 4,525,045, also 
has tWo primary lenses and tWo pairs of ?xed mirrors/ 
prisms. A “horiZon adjustment” is provided to alloW the 
cameraman to move one lens to compensate for the vertical 
displacement of the tWo lenses, but the optical axes of the 
lenses are ?xed and parallel. 

Rockstead, US. Pat. No. 4,568,970, uses an adapter 
Which ?ts in front of the lens of a television camera. Pairs 
of mirrors or prisms are used to create the pair of images on 
the video frame, and a similar device in front of the vieWer’s 
eyes reconstructs the tWo images back into a 3-D single 
image. A knob alloWs the operator to manually adjust the 
convergence of optical axes of the mirrors/prisms to create 
the tWo side-by-side images. 
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US. Patent Nos. 5,532,777, 5,828,913, and 5,883,662 by 
the present inventor disclose a device and method of for 
generating a pair of images of a subject, left and right, in 
Which the overlap of the images is maximized by adjusting 
the convergence of the image-collecting means in response 
to the distance from the subject. An adapter having a set of 
four mirrors in tWo pairs is located in front of a camera lens. 
The centers of the four mirrors are all aligned on a common 
centerline, With the outer tWo mirrors facing generally 
outWard along the optical axis of the lens and the inner tWo 
mirrors facing generally inWard into the lens. The centers of 
the outer tWo mirrors are spaced apart by an appropriate 
interocular distance. The tWo inside mirrors are together 
large enough to cover the complete vieWing area of the lens, 
each taking half of the lens vieWing area. The tWo outside 
mirrors are bigger than the inside pair and large enough to 
cover the vieWing area of the inside pair to avoid vieWing 
area reduction. The convergence of the tWo outer mirrors is 
adjustable by sWiveling them simultaneously and equally 
about their centerlines With a ganging mechanism. The tWo 
center mirrors may be ?xed, or could be adjustable by being 
sWiveled so that one side of each remains in tight contact 
With the other along the optical axis of the camera lens, and 
each makes a 45° or lesser angle to the optical axis. 

SUMMARY OF THE INVENTION 

An apparatus for creating three-dimensional images is 
disclosed. The device has at least four mirrors, arranged in 
an inner set and an outer set. An enclosure, preferably 
cylindrical in shape, houses the mirrors and alignment 
apparatus and can be placed in three different positions. The 
camera takes tWo-dimensional photographs or operates in 
tWo modes of three-dimensional photography: forWard look 
ing and backWard looking. This device is preferably attached 
to a digital camera. The device can also be used When the 
digital camera is attached to a hand held personal computing 
device (PDA). In a preferred embodiment of the invention, 
there are six mirrors, including four inner mirrors and one 
set of outer mirrors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1a shoWs a ?rst con?guration of the device of the 
present invention, Which creates regular forWard tWo 
dimensional vieWing. 

FIG. 1b shoWs a second con?guration of the device of the 
present invention, Which creates forWard three-dimensional 
vieWing. 

FIG. 1c shoWs a third con?guration of the device of the 
present invention, Which creates backWard three 
dimensional vieWing. 

FIG. 2a shoWs a frontal vieW With detail of mechanism to 
adjust angle betWeen mirror sets. Mirrors are moved out of 
the vieW of the lens for 2D vieWing as shoWn in FIG. 1a. 

FIG. 2b shoWs a frontal vieW of mirrors used for forWard 
3D vieWing, as shoWn in FIG. 1b. 

FIG. 2c shoWs a frontal vieW of mirrors used for back 
Ward 3D vieWing, as shoWn in FIG. 1c. 

FIGS. 3a and 3b shoW a frontal vieW With detail of 
mechanism to adjust angle betWeen mirror sets. 

FIGS. 3c and 3d shoW a side vieW of FIG. 3a With detail 
of mechanism to adjust angle betWeen mirror sets. 

FIGS. 4a—4c shoW another embodiment of the invention, 
in Which the inner set comprises a set of tWo Wedge-shaped 
mirrors. 

FIG. 5a shoWs a coupling of the outer mirrors to the inner 
mirror mechanism so that the range is adjusted for a distant 
setting. 

5 

15 

25 

35 

40 

45 

55 

65 

4 
FIG. 5b shoWs a coupling of the outer mirrors to the inner 

mirror mechanism so that the range is adjusted for a close 
setting. 

FIG. 6 shoWs an example of an enclosure that houses the 
mirrors and is rotatable. 

FIG. 7 shoWs a the invention as used With a personal 
digital assistant (PDA). 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIGS. 1—4, an instrument using a single lens 
for generation of three-dimensional models is shoWn. One 
example of a type of three-dimensional model, Which could 
be created by the device of the invention, is a model of facial 
features. Four of the mirrors (10) and (11) are in front of a 
camera lens The Whole mechanism is preferably housed 
in a tube (13) that is supported by an enclosure (14), so it can 
freely rotate as a result. 

The inner mirrors (10) and (11) can have the folloWing 
orientations relative to the lens; a)out of the Way of the lens 
and parallel to the optical axis to alloW for regular forWard 
tWo-dimensional vieWing (FIG. 1a, 2a, 3a, 4a), b) With 
mirror pair (10) facing the lens to alloW for forWard three 
dimensional vieWing as described in US. Pat. No. 5,532,777 
(FIG. 1b, 2b, 3b, 4b), and c) With mirror pair (11) facing the 
lens for backWard three-dimensional vieWing as described in 
Goshtasby & Gruver (Design of a Single-Lens Stereo Cam 
era System. Pattern Recognition, 1993, Vol. 26 (6): 
923—937) (FIG. 1c, 2c, 4c). 
The outer pair of mirrors (12) is aimed outWard along the 

optical axis of the lens The outer pair of mirrors (12) are 
aimed so that the left and right vieWs converge to preferably 
overlap at about 50 cm in front of the lens The inner 
pairs of mirrors (10) and (11) are aimed so that the re?ecting 
surfaces of pair (10) make an angle of 90° or less and the 
re?ecting inner surface of pair (11) makes an angle of 1200 
or more. 

The angle betWeen the mirrors of the inner pair can be 
made variable (see FIG. 2) so that the plane Where the left 
and right vieW overlap in front (FIG. lb) or behind the lens 
(FIG. 1c) are adjustable. The mechanism to adjust the mirror 
sets (10) and (11) secures that both mirror set (10) and (11) 
change angles equally but in opposite directions relative to 
the optical axis of the lens as described in US. Pat. No. 
5,532,777. 

Mirror set (10) is joined on the inner side of the mirrors 
With axle hinge (2), Whereas the outer ends of mirror set (10) 
are supported by axle hinges Mirror set (11) is joined on 
the inner side With axle hinge (1), Whereas the outer ends of 
mirror set (11) are supported by axle hinge Guides (5) 
on the ends of axle hinge (1) are supported by ganging 
means (7), Which keeps the guides (5) aligned in a plane 
through the optical axis of the lens A unit including a 
control Wheel (8) and a cam (4) all sitting on axle hinge (2) 
controls the position of guides (5) so that the angle betWeen 
the tWo mirror sets (10) and (11) and convergence can be 
varied. Ganging means (6) support axle hinges 

In FIG. 2a, a frontal vieW includes the detail of a 
mechanism to adjust the angle betWeen mirror sets. Mirrors 
(10) and (11) are moved out of the vieW of the lens for 2D 
vieWing as shoWn in FIG. 1a. The cylindrical housing (13) 
is not shoWn. In FIG. 2b, a frontal vieW of the mirrors (10) 
used for forWard 3D vieWing as in FIG. 1bare shoWn. In 
FIG. 2c, a frontal vieW of the mirrors (11) used for backWard 
3D vieWing as in FIG. 1c are shoWn. For clarity, the control 
Wheel (8) and cam (4) are not shoWn in FIG. 2a—2c. 
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In FIG. 3a, a frontal vieW includes the detail of a 
mechanism to adjust the angle betWeen mirror sets. Mirrors 
are positioned out of the vieW of the lens for 2D viewing as 
shoWn in FIG. 1a. Control Wheel (8) pulls mirror set (11) 
closer to mirror set (10) via cam In FIG. 3b, a frontal 
vieW includes the details of a mechanism to adjust the angle 
betWeen mirror sets. Mirrors are positioned as shoWn in FIG. 
1b. Control Wheel (8) pushes mirror set (11) aWay from 
mirror set (10) via cam FIG. 3c shoWs a side vieW of 
FIG. 3a With detail of mechanism to adjust angle betWeen 
mirror sets. Both axle (1) via guide (5) in ganging means (7) 
and axles (3) in ganging means (6) are free to move, Whereas 
axle (2) With control Wheels (8) and cams (4) has a ?xed 
position. FIG. 3a' shoWs a side vieW of FIG. 3b With detail 
of mechanism to adjust angle betWeen mirror sets. FIG. 3a' 
is similar to FIG. 3c, but the control mechanism is set to 
maximum angles betWeen mirror sets (10) and (11). 

In another embodiment of the invention, the apparatus of 
the invention has a set of four mirrors, as shoWn in FIGS. 
4a—4c. TWo of the mirrors are Wedge-shaped (15) and found 
in front of the camera lens The position of the Wedge 
shaped pair (15) does not obstruct the vieW of the lens for 2D 
vieWing (FIG. 4a). The mirror side re?ecting the three 
dimensional forWard vieW (FIG. 4b) encloses an angle of 
about 90° Whereby both the left and right vieW overlap at a 
distance aWay from the lens suf?cient to enclose a face of 
someone standing approximately one meter aWay from a 
person holding the device. The mirror side re?ecting the 
three-dimensional backward vieW (FIG. 4c) encloses an 
angle of about 120° Whereby both the left and right vieW 
overlap at a distance aWay from the lens suf?cient to enclose 
the face of a person holding the device. 

Referring also to FIGS. 5a and 5b, the apparatus couples 
the outer mirrors (12) to the inner mirror mechanism so that 
the adjustment range can be extended. FIG. 5a shoWs an 
example of an adjustment for a distant setting, While FIG. 5b 
shoWs an adjustment for a close by setting. Fixed axis (16) 
is attached to the outer edge of the outer mirror (12) so that 
the mirror (12) can rotate around that axis parallel to the 
inner mirror (10). A linkage (17) links a control arm (18) 
attached to the inner edge of the outer mirror (12) so that the 
mirror (12) moves together With the inner mirror (10) The 
control arm (18) is also attached to free moving axis 

Referring to FIG. 6, an enclosure (14), preferably cylin 
drical in shape, encloses the mirror apparatus. The enclosure 
is preferably made of plexiglass, but can be manufactured 
out of any material, preferably non-breakable. The enclosure 
(14) alloWs the device to be freely rotatable, alloWing the 
mirror set to have three positions. Depending on its position, 
the device can create tWo dimensional images and both 
forWard-looking and backWard-looking three-dimensional 
images. If the device is attached to a digital camera (possibly 
attached to a PDA - see FIG. 7), for example, the enclosure 
(14) alloWs for the entire device to move out of the Way 
When not in use. The enclosure (14) is capable of rotating 
180°. This creates a backWard-looking vieW, and a user is 
able to take a three-dimensional picture of himself. 

Referring to FIG. 7, an example of the use of the present 
invention is shoWn. The tWo inner mirrors (30) and the tWo 
outer mirrors (40) are connected to a digital camera (50), 
Which is an extension of a hand held personal computing 
device or Personal Digital Assistant (PDA) (60), for 
example a HandspringTM VisorTM computer made by 
Handspring, Inc. or a Palm® Pilot computer made by Palm 
Computing, Inc. 

The device of the present invention alloWs for the digital 
camera to take three different types of images: tWo 
dimensional, three-dimensional forWard-facing, and three 
dimensional backWard-facing. One type of image Which 
may be taken is of an individual’s facial features. For 
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example, the device could be utiliZed for three-dimensional 
face recognition. The backWard-facing option alloWs the 
user of the hand-held personal computing device (60) to take 
a picture of his oWn face With the device. The enclosure (14) 
shoWn in FIG. 6 is also a part of the device, but has not been 
included here merely to provide a better vieW of the mirror 
con?guration in relation to the digital camera (50) and hand 
held personal computing device (60). 

Accordingly, it is to be understood that the embodiments 
of the invention herein described are merely illustrative of 
the application of the principles of the invention. Reference 
herein to details of the illustrated embodiments is not 
intended to limit the scope of the claims, Which themselves 
recite those features regarded as essential to the invention. 
What is claimed is: 
1. An instrument for generation of three-dimensional 

images using a single lens comprising: 
a) a ?rst inner pair of mirrors in front of the lens Wherein 

said ?rst inner pair of mirrors is joined along an optical 
axis of the lens such that a re?ecting surface of said ?rst 
inner pair of mirrors creates an angle less or equal to 
90°; 

b) a second inner pair of mirrors in front of the lens 
Wherein said second inner pair of mirrors is joined 
along the optical axis of the lens such that a re?ecting 
surface of said second inner pair of mirrors creates an 
angle greater or equal to 120°; 

c) an outer pair of mirrors, aligned such that an image 
re?ecting from the outer pair of mirrors is re?ected 
onto the ?rst pair of inner mirrors; and 

d) a housing enclosing both inner pairs of mirrors and the 
outer pair of mirrors such that said housing alloWs the 
instrument to rotate, said housing being rotatable at 
least 180° along an axis perpendicular to the optical 
axis of the lens, to at least three rotational positions, 
such that: 
in a ?rst position the ?rst inner pair and second inner 

pair of mirrors are out of a ?eld of vieW of the lens, 
such that a tWo-dimensional image is created by the 
lens, 

in a second position the ?rst inner pair of mirrors faces 
the lens such that a forWard three-dimensional image 
is created, and 

in a third position the second inner pair of mirrors faces 
the lens such that a backWard three-dimensional 
model is created. 

2. The instrument of claim 1, Wherein the said ?rst inner 
pair of mirrors and said second inner pair of mirrors are ?xed 
in angular relationship. 

3. The instrument of claim 2, in Which the inner mirrors 
comprise 

a Wedge-shaped inner pair of mirrors in front of the lens 
Wherein said Wedge-shaped pair of mirrors have a ?rst 
side and a second side such that a re?ecting surface of 
said ?rst side creates an angle approximately 90° and a 
re?ecting surface of said second side creates an angle 
approximately 120°. 

4. The instrument of claim 1, Wherein: 
an inner edge of each of the ?rst inner pair of mirrors is 

joined by a ?rst hinge; 
an inner edge of each of the second inner pair of mirrors 

is joined by a second hinge; and 
an outer edge of each of said ?rst inner pair of mirrors and 

an outer edge of said second inner pair of mirrors are 
joined by third hinges; 

such that When the second hinge is moved along the 
optical axis of the lens relative to the ?rst hinge, the ?rst 
inner pair of mirrors changes angles in an equal but 
opposite direction relative to the second inner pair of 
mirrors. 
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5. The instrument of claim 4, further comprising: such that When the control Wheel is rotated, the cam 
21 control Wheel having an axis of rotation concentric With moves the second hinge linearly along the Optical ends 

the ?rst hinge; of the lens. 
a cam coupled to the control Wheel and to the second 

hinge; * * * * * 


